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a  b  s  t  r  a  c  t
The  digenetic  trematode  Eurytrema  coelomaticum  is  a parasite  of pancreatic  ducts  of  rumi-
nants. The  ultrastructure  of  the  mother  and  daughter  sporocysts  of E.  coelomaticum  was
analyzed. The  mother  sporocyst  was  attached  to  the  coelome  of  the  intestine  wall  of  inter-
mediate  snail  host  Bradybaena  similaris,  intimately  adhered  in  some  regions.  It presents  a
highly folded  tegument  with  granules  and  the  body  wall  was  composed  by  an  outer  synci-
tial layer,  basal  lamina,  and  circular  and  longitudinal  muscle  layer.  Below  was  the  cell  body
(cyton) with  the  nucleus.  The  daughter  sporocysts  obtained  by dissection  exhibited  many
granules  and  secretory  vesicle  in the outer  layer  indicating  an  intense  secretory  activity.  The
body wall  presented  the  same  layers  of  the  mother  sporocysts,  but  the  outer  syncitial  layer
invaginated  and  an  amorphous  layer  was  present  between  the  syncitial  and circular  muscle
layers. The  protonephridial  excretory  system  was  viewed.  The  anterior  and  posterior  end  of
the expelled  sporocyst  exhibit  a  degenerated  structure,  but  biological  activity  still  occurred
in these  regions.  The  swollen  middle  of the body  was  ﬁlled  by  a lamellar  structure  formed
by  degenerating  membranes,  but  the excretory  system  was  preserved.  The  endocyst  wall
was ﬁbrilar  and  ﬁlled  by  cercariae  and  amorphous,  membranous  and  secretory  material
inside it.  These  results  were  discussed.. IntroductionAdults of Eurytrema coelomaticum (Giard et Billet, 1892)
ooss,  1907 parasitizes the pancreatic ducts of ruminants in
any  countries in South America, Europe and Asia (Bassani
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et al., 2006), causing economic losses because the infec-
tion  leads to reduction in meat and milk production. Thus,
this  infection has a high veterinary and economic impor-
tance (Bossaert et al., 1989). In its complex life cycle the
eggs  of E. coelomaticum are ingested by the intermedi-
Open access under the Elsevier OA license.ate snail host Bradybaena similaris (Fèrussac, 1821) where
the  miracidium hatches and migrates to the coelomic cav-
ity,  giving rise to the mother sporocyst. After an intense
asexual reproduction process, the daughter sporocysts
y Parasit202 J. Pinheiro et al. / Veterinar
is formed, which internally will produce the cercariae.
The mother sporocysts, containing cercariae, emerge from
the  snail host and remains in the environment until
ingested by a grasshopper Tettigoniidae (Conocephalus
sp.), the second intermediate host (Brandolini and Amato,
2001).
Some  studies on the E. coelomaticum/B. similaris inter-
relationship showed alterations in carbohydrate, calcium
and  reproductive metabolism (Paschoal and Amato, 1993,
1996;  Pinheiro and Amato, 1994, 1995; Brandolini and
Amato,  2001; Pinheiro et al., 2001). Because sporocyst is the
longest  larval stage in the intramolluscan development and
intense  asexual reproduction occurs, most of the metabolic
changes encountered in the snail host results from the
sporocyst action.
In  spite of its crucial role in the development and com-
pletion of the digenetic trematodes life cycle, there are few
studies  on sporocysts morphology and ultrastructure. Most
studies  are on Schistosoma mansoni sporocysts (Meuleman
et  al., 1980; Fournier and Thèron, 1985; Yoshino and
Laursen, 1995; Castillo and Yoshino, 2002).
Despite its great importance, there are few studies on
the  biology and morphology of the different forms of E.
coelomaticum. Some studies on the morphology of adult
worms were made using light (LM), scanning (SEM) and
transmission (TEM) electron microscopy focusing on the
cubic  crystal inclusions of the tegument (Sakamoto et al.,
1985;  Eduardo and Sy, 2007; Sakamoto and Oikawa, 2007).
Looss  (1907) presents only drawings of adult stage in the
redescription of E. coelomaticum. Since then, Jang (1969)
described the life cycle of Eurytrema pancreaticum pre-
senting only LM ﬁgures detailing the larval stages of this
parasite. Tang (1950) presents detailed description and
drawings of eggs and larval stages of E. pancreaticum.
Although only in 1977, Tang and Tang presented some
morphological characteristics of the larval stages of E.
coelomaticum, but their results were presented as draw-
ings  based only in LM.  Recently, Franco-Acun˜a et al. (2011)
showed  a detailed description of the morphology of the
mother  and daughter sporocysts of E. coelomaticum using
LM  and SEM and histology.
Actually,  the sporocyst is not considered a “germinal
sac” as proposed by Cable (1971). The main reason is
the  absence of a mouth or oral aperture in the sporo-
cysts. Moreover, the tegument is described as a very
dynamic structure with intense absorption and secretion
processes, important for larvae survival. So, the changes in
infected  snail host, cited above, with withdrawal of nutri-
ents,  secretion of peptides for neuronedocrine modulation,
involve transport of substances through this tegument.
Beyond this, the external surface of the sporocyst tegument
expresses receptors responsible for a potential immune
evasive strategy (Dunn and Yoshino, 1991).
So, the ultrastructural study of the sporocysts, par-
ticularly of their tegument, may  result in important
information for further studies on the in vitro maintenance
and action of drugs for the control of this parasite in cattle.
Thus,  the mother and daughter sporocysts and its relation-
ship  with the intermediate snail host are important targets
to  be studied. The information obtained may  be important
for  the control of this parasitic disease.ology 182 (2011) 201– 212
The aim of this study was  to provide additional infor-
mation on the morphology of the mother and daughter
sporocysts of E. coelomaticum using TEM.
2. Materials and method
2.1.  Snails collection and maintenance
Specimens of B. similaris were manually collected from
residential gardens located at Seropédica, RJ, Brazil (lati-
tude  −22◦44′28′′, longitude 43◦42′27′′, height 26 m).  The
snails were examined through their transparent shells for
the  presence of Postharmostomum gallinum metacercariae
in the pericardial cavity and those animals free of infection
were maintained under laboratory conditions in a terrar-
ium  with a layer of 2 cm of earth. The terrariums were
moistened with tap water and the snails were fed with
fresh  lettuce leaves in alternate days. Samples of randomly
chosen snails were dissected to ensure that the snails were
free  of larval helminths. Snails free of helminthic infection
were experimentally infected.
2.2.  E. coelomaticum collection, eggs obtaining and
experimental infection
The  adult worms were collected from the pancreas
of naturally infected bovines that were slaughtered in
an  industrial abattoir (Matadouro Municipal de Barra
Mansa, Barra Mansa, RJ, Brazil). The adult worms were
kept  overnight in Petri dishes with Locke’s saline solution
(Humason, 1979). Adult worms  were discarded and eggs
were  sedimented. The eggs were washed three times in
Locke’s  saline solution and stored at 10 ◦C until their uti-
lization.
The  eggs were spread on pieces of fresh lettuce leaves in
Petri  dishes with a moistened ﬁlter paper at the bottom, and
the  snails were put over the lettuce leaves. The Petri dishes
were  closed and the snails were maintained in contact with
eggs  overnight. After this period, they were transferred to
terrariums and maintained as described above.
2.3. Snail dissection, larvae collection and processing
The mother and the daughter sporocysts were collected
after dissections of snails 30 and 60 days after exposure,
respectively. After 70 days post exposure, the snails were
maintained isolated in Petri dishes, with tap water moist-
ened  ﬁlter paper at the bottom; the dishes were daily
observed under a stereomicroscope to check the presence
of  expelled sporocysts. So, the larvae obtained formed three
groups:  i – dissected mother sporocysts; ii – dissected
daughter sporocysts; and, iii – expelled daughter sporo-
cysts.
The  collected larvae were ﬁxed in 2.5% glutaraldehyde
in 0.1 M cacodylate buffer, pH 7.4 for 24 h. For TEM the ﬁxed
larvae  were washed in 0.1 M cacodylate buffer, post ﬁxed in
1%  osmium tetroxide and 0.8% ferrocyanide, washed again
in  the same buffer, dehydrated in a crescent series of ace-
tone,  inﬁltrated and embedded in epoxy resin (Polybed).
Semi-thin sections were stained with toluidine blue and
observed under a Zeiss Axioplan light microscope; images
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Fig. 1. Mother sporocysts of Eurytrema coelomaticum. (a) LM of a semithin section of a mother sporocyst adhered to the intestine wall of the intermediate
snail  host Bradybaena similaris. Tegument and germinal balls are seen. Scale bar = 7 m. (b) Ultrathin layer of the tegument with many folds, syncitial
layer,  circular and longitudinal muscle layers. Scale bar = 2 m.  (c) Detail of the tegument and its components. Scale bar = 1 m.  (d) Interface between
the  developing mother sporocysts and the tissues of snail host. Scale bar = 2 m.  (e) Detail of the tegument. A well deﬁned basal lamina, mitochondria
and  many electrondense granules can be seen. Scale bar = 1 m. (f) Interface of the mother sporocyst and the snail showing the cytoplasmic bridge
joining  the syncitial layer to the cyton region with evident nucleus. Scale bar = 5 m (int = intestine wall; t = tegument; f = tegumental folds; gb = germinal
balls;  sl = syncitial layer; cm = circular muscle layer; lm = longitudinal muscle layer; p = parenchyma; mi  = mitochondrion; g = granules; bl = basal lamina;
i  = interface; cb = cytoplasmic bridge; c = cyton).
204 J. Pinheiro et al. / Veterinary Parasitology 182 (2011) 201– 212
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ere captured with an MRc5 AxioCam digital camera and
rocessed with the Axiovision program. Ultrathin sections
ere  stained with uranyl acetate and lead citrate (De Souza,
007)  and observed in a Zeiss 900 Transmission Electron
icroscope at 80 kV. The images were obtained using iTEM
oftware.
.  Results
.1. Mother sporocysts
The  developing larva was adhered to the intestinal wall
Fig.  1a). The transversal semithin sections of this form
howed that the tegument was divided in two different
egions: an external layer more electrondense and, imme-
iately  below, an internal one, electrondense, followed by
 body cavity with germinal balls (Fig. 1a).
By TEM the tegument showed an external surface with
any projections and folds (Fig. 1b). Pieces of the intestine
ith the larvae adhered to it were collected and processed.
n  some points the interface between the larva and the tis-
ue  of the snail host were observed (Fig. 1c and d). However,
t  others it was difﬁcult to deﬁne the limits between both
issues  (Fig. 1d), but some sections showed a considerable
pace between the developing larva and the tissue host,
eaching about 3.8 m (Fig. 1c).
Right below the surface of the larval body was located
 syncitial layer with many electrondense granules and
itochondrial proﬁles (Fig. 1e). The syncitial layer rests
n  a dense basal lamina whose thickness varies; in some
egions, it was very thin and almost imperceptible (Fig. 1a,
,  d and f). Below this basal lamina, a layer of circular
uscle ﬁbers, followed immediately by a transversal mus-
le  ﬁbers were seen (Fig. 1c, e and f). Desmosomes or
emidesmosomes were not observed between the basal
amina, circular or longitudinal muscle ﬁbers. Below the
ongitudinal muscle ﬁbers, the parenchyma, composed by
omatic  and germinal cells, was located (Fig. 1d).
.2. Daughter sporocysts
Two  types of daughter sporocysts were described: (i)
issected larvae from snails experimentally infected; and
ii)  larvae naturally expelled by infected snails..2.1. Dissected sporocysts
The  tegument was thicker in daughter sporo-
ysts (10.36 ± 4.75 m)  than the mother sporocysts
2.58 ± 0.39 m),  presenting an external region highly
ig. 2. Transversal sections of daughter sporocyst of Eurytrema coelomaticum ob
a)  Semithin section showing the tegument with nuclei and the body cavity with
f  the sporocyst: 1: outer syncitial layer; 2: amorphous layer; 3: muscular layers
ody  with germinal balls. Scale bar = 2 m.  (c) Detail of body wall with an outer fo
ongitudinal  muscle layers. The cytoplasmic bridge and the cyton are evident. Sc
uscular  layers. Scale bar = 2 m.  (e) Detail of the syncitial layer with folds, gran
ecretory  activity in the outer layer of the tegument. Scale bar = 2 m.  (g) Section
eptotriches and the nucleus. Scale bar = 2 m.  (h) Upper level of the ﬂame cell at
b  = germinal balls; cb = cytoplasmic bridges; m = mitochondrion; c = cyton; n = nu
uscle  layer; g = granules; f = folds; mf  = muscle ﬁbers; bl = basal lamina; ol = ou
ibbed  region; l = leptotriche; fc = ﬂame cell; ed = excretory duct).ology 182 (2011) 201– 212 205
folded with nuclei located below it, indicating the cell
body  or cyton (Fig. 2a). Transversal and longitudinal
ultrathin sections were obtained. In a general view, the
larval  body may  be divided in ﬁve different regions. The
tegument was composed by: 1 – outer  syncitial layer; 2 –
an  amorphous layer; 3 – muscular layer formed by circular
and  longitudinal muscle. Below the tegument, cytons were
located  (layer 4) followed by the central region of the body
where  germinal balls were found (layer 5) (Fig. 2b).
The  surface of the outer layer was highly folded (Fig. 2c
and  d) presenting invaginations that protrudes through the
amorphous  and circular muscle layers (Fig. 2d). The outer
layer  of the tegument was  connected to the inner layer
through cytoplasmic bridges that cross the muscular region
(Fig.  2c); it was  supported by a membrane with a trilaminar
appearance and thicker inner region; an amorphous layer
was  found right below this membrane with a ﬁbrous view
(Fig.  2d). In the cyton region layer, nuclei and many mito-
chondrial proﬁles were observed (Fig. 2b and c). According
to  the grade of muscle contraction, the organization of
these  layers was lost and impossible to be differentiated
(Fig. 2e). The tegument region presented many vesicles and
granules  mainly in the outer layer indicating an intense
secretory activity (Fig. 2f).
Excretory structures were observed in the cyton region
that  was located 8.72 ± 0.79 m from the surface of the
larval body. The excretory system was protonephridial,
composed of ﬂame cells (Fig. 2g and h) driving the excretory
products through the excretory channels. The base of the
ﬂame  cells is seen in Fig. 2g, the cell membrane of the basal
region  presents cytoplasmic projections forming internal
and  external ribs and leptotriches. Moreover, the nuclei of
the  ﬂame cell were located at this region. Barrel cilia were
observed in the apical portion of the ﬂame cell (Fig. 2h).
Cytoplasmic bridges were well observed in longitudinal
sections (Fig. 3a). It was  also possible to identify the pres-
ence  of hemidesmosomes joining the outer layer and the
circular  muscle ﬁbers, and the circular and the longitudi-
nal muscle ﬁbers layers (Fig. 3b). This outer layer exhibited
many granules and mitochondrial proﬁle (Fig. 3c). In this
direction of section, the basal lamina was  evident, as well
as  the amorphous layer below it (Fig. 3c). Different from
what  was seen in transversal sections, longitudinally in
the  contracted larva, the organization of the muscle layers
was  maintained (Fig. 3d). Many granules, secretory vesicles
and  channel-like structures where the secretory vesicles
emerge were observed (Fig. 3e and f). These secretory vesi-
cles  open in the external surface of the larval body through
the  outer layer (Fig. 3f).
tained from dissections of Bradybaena similaris experimentally infected.
 germinal balls. (b) General view of the different layers in the body wall
; 4: inner layer with the cell body or cyton; 5: inner central region of the
lded surface with granules followed by an amorphous layer, circular and
ale bar = 1 m.  (d) The contracted larva showing disorganization of the
ules, evident basal lamina and amorphous layer. Scale bar = 500 nm. (f)
 at the base of a ﬂame cell with the external and internal ribbed region,
 the barrel with cilia within the cylinder. Scale bar = 1 m (t = tegument;
cleus; al = amorphous layer; cm = circular muscle layer, lm = longitudinal
ter layer; sv = secretory vesicle; er = external ribbed region; ir = internal
206 J. Pinheiro et al. / Veterinary Parasitology 182 (2011) 201– 212
Fig. 3. Longitudinal sections of daughter sporocysts of Eurytrema coelomaticum obtained from dissections of Bradybaena similaris experimentally infected.
(a)  General view of the tegument with the outer layer with many folds, granules and secretory vesicle, followed by the amorphous layer, the circular and
longitudinal  muscle layers, the cell body (cyton) and the nucleus. Scale bar = 2 m.  (b) Outer layer of tegument, with many granules and mitochondria, joined
to  the circular and longitudinal muscle layers by hemidesmosomes. Scale bar = 2 m. (c) Detail of the outer, amorphous and muscular layers of the tegument.
Scale  bar = 500 nm.  (d) Observation of the body of a contracted larva. Scale bar = 2 m.  (e) Release of a secretory vesicle and an invagination crossing the
circular  muscle layer. Scale bar = 1 m.  (f) Formation and release of many secretory vesicles and granules. Scale bar = 2 m (t = tegument; cb = cytoplasmic
bridges; m = mitochondrion; c = cyton; n = nucleus; al = amorphous layer; cm = circular muscle layer, lm = longitudinal muscle layer; g = granules; f = folds;
mf  = muscle ﬁbers; bl = basal lamina; ol = outer layer; sv = secretory vesicle; hd = hemidesmosome; ch = channel; in = invagination).
J. Pinheiro et al. / Veterinary Parasitology 182 (2011) 201– 212 207
Fig. 4. Transversal section of the anterior end of expelled sporocysts of Eurytrema coelomaticum. (a) Semithin section showing the tegument and the body
cavity  without developing larvae. Scale bar = 7 m.  (b) Tegument with folds that are larger in size and ﬁlled by an amorphous layer. Note the disorganization
of  the muscular layers joined to the cell body (cyton) by a cytoplasmic bridge. Scale bar = 2 m.  (c) Region of folded tegument and secretory activity, with
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.2.2. Expelled sporocysts
The  ultrathin sections of the expelled sporocysts of E.
oelomaticum were obtained in the anterior, middle and
osterior regions of the larva body.
.2.2.1. Anterior region. Semithin sections showed a thick
egument and no developing larvae (Fig. 4a). The tegument
f  this region presented an external surface with greater
olds (1.47 m)  than those observed in the dissected sporo-
ysts  (0.15 m);  the circular and longitudinal muscle layers
ere  not distinguishable (Fig. 4b). No differentiation of the
uter  layer, basal lamina and amorphous layer were seen;
n  some sections the muscular layers were not observed
Fig. 4c and d).
.2.2.2.  Middle region. Semithin sections showed a very
hin  tegument and one large space below where cellular
tructures were not identiﬁed. In this region the endocyst
ith a well deﬁned wall and the cercariae were observed
Fig. 5a).
The  region of the membranous sac did not present
ellular structures, and its inner region had many
embrane-like structures forming lamellae; myelin ﬁg-
res  were also observed (Fig. 5b). Vacuolar structures wereformation and release of secretory vesicles at the top of the tegumental
ucleus; al = amorphous layer; mf  = muscle ﬁbers; vs = secretory vesicle;
located  near the endocyst (Fig. 5c). In some sections the
muscular layers were located adjacent to the external sur-
face  of the tegument (Fig. 5d and e), but in others these
layers were far separated form each other (Fig. 5b). The
excretory system of the larva was  located in the membra-
nous sac region, where ﬂame cell was  observed (Fig. 5f), at
the  periphery in the expelled sporocyst.
Internally, protected by the membranous sac, was the
endocyst, in which the cercariae developed; the external
wall of the endocyst was composed by a ﬁbrilar structure,
supported by a basal lamina (Fig. 5c and g). In the endo-
cyst, lamellar structures, amorphous material and myelin
ﬁgures were also observed (Fig. 5c); the cercariae seem to
be  partially involved by this amorphous material.
3.2.2.3. Posterior region. The external region showed some
projections. Below this region, a continuous and less elec-
trondense layer was observed and in the body cavity there
were  no cercariae (Fig. 6a). The tegument was highly
branched, with many myelin ﬁgures (Fig. 6b–e). A space
between this outer layer and a highly electrondense mem-
brane  was  seen suggesting it was  detached from the larva
body  (Fig. 6e); the membrane had invaginations for which
the  outer layer protrudes (Fig. 6b) crossing the continuous
208 J. Pinheiro et al. / Veterinary Parasitology 182 (2011) 201– 212
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morphous layer and the circular and longitudinal muscle
ayers  (Fig. 6b and d). The integrity of the muscle area seems
o  be lost (Fig. 6b), and below them the cytoplasmic bridges
nd  the cyton region, with nucleus, were preserved (Fig. 6b
nd  d).
.  Discussion
The trematode E. coelomaticum is the agent of
ovine eurytrematosis that causes ductal obstruction
ith a subsequent interstitial pancreatitis resulting in
ow  productivity and rejection of pancreas in abattoirs.
urthermore, it infects other domestic and wild rumi-
ants, acquiring great economic and ecological importance
Bossaert et al., 1989; Bassani et al., 2006). Surprisingly, to
ate  no studies on the ultrastructure of adult and larval
f  E. coelomaticum were made. Only recently Franco-Acun˜a
t al. (2011) begun to study the morphology and ultrastruc-
ure of the larval stages of E. coelomaticum focusing on the
opography of the mother and daughter sporocysts, using
M  and SEM and histology. Here, we analyzed the mother
nd  daughter sporocysts using TEM.
According to Tang (1950) and also described by Franco-
cun˜a et al. (2011), the mother sporocyst is closely
urrounded by the tissue host. However, TEM observations
evealed a well deﬁned space between the developing larva
nd  the intestine of the snail host and in other region the
arva  was completely adhered to this tissue, which is not
asily  seen under LM or histological sections (Franco-Acun˜a
t al., 2011).
The  external surface of the mother sporocyst seems
o be smooth under LM (Jang, 1969), and is cited by
ranco-Acun˜a et al. (2011) as presenting some folds. Here,
his  tegument was observed as highly folded forming a
angled  mesh at the external surface corroborating with
ranco-Acun˜a et al. (2011). It must be remembered that
he  sporocysts have not an oral aperture (Cable, 1971);
o,  all the nutrients required for the intense plastic pro-
esses  involved in the asexual reproduction are absorbed
hrough the tegument. Beyond this, the access of require-
ents is facilitated by the deep invaginations which reach
he  circular muscle layer.
The daughter sporocysts obtained from dissections pre-
ented  a well deﬁned and thick tegument, with evident
ucleus, whose topography of larval body surface was care-
ully  described by Franco-Acun˜a et al. (2011) by SEM; their
esults  by LM did not show details of the tegument lay-
rs  and their organization. When observed under TEM,
t  was possible to deﬁne the different layers of the body
all.  Pinheiro and Amato (1994, 1995) analyzing daugh-
er  sporocysts of Echinostoma paraensei did not observe the
ytoplasmic bridges connecting the outer to inner tegu-
ig. 5. Middle swollen region of expelled sporocysts of Eurytrema coelomaticum
embranous  sac ﬁlled by an amorphous material and the endocyst with the c
embranous structures inside forming lamellae and myelin ﬁgures, and degener
etail  of the degenerated muscle layers placed near to the external surface of the
rojection  at the external surface of the body and many granules. Scale bar = 2 m
f)  General view of the body showing the endocyst, with a cercaria, ﬁlled by mem
etail  showing the ﬁbrilar aspect of the endocyst wall. Scale bar = 500 nm (t = tegum
gure;  mf  = muscle ﬁbers; ol = outer layer; n = nucleus; v = vesicle; g = granule; fc =ology 182 (2011) 201– 212 209
mental  layer. In the present study, these bridges were
clearly shown in both transversal and longitudinal sections.
As  observed in the mother sporocyst, the dissected daugh-
ter  sporocysts presented a surface of tegument highly
folded, increasing the absorption surface as well as improv-
ing  the adhesion of the larva to the host tissue.
When the larva is contracted the muscular layers
were disorganized, but when a longitudinal section was
observed the organization and separation of these layers
was  still distinguishable. These observations showed that
the  transversal constriction movements are more intense
than  those of stretching and shrinking.
In both, mother and daughter sporocysts, the presence
of many electrondense granules and many mitochon-
drial proﬁles in the outer layer of the tegument indicates
an intense metabolic activity, corroborating the secre-
tion  processes that consume large amounts of energy.
Furthermore, in the daughter sporocysts, beyond these
granules, were also observed secretory vesicles being
formed at the base of the outer layer and released at the
top  of this region. These vesicles may  carry to the outer
environment excretion/secretion products, as nitrogenous
products of degradation and substances that will modulate
the  neuroendocrine system of the host, probably caus-
ing  the changes extensively reported in the infected snail
(Brandolini and Amato, 2001; Pinheiro et al., 2001; Lira
et  al., 2000; Souza et al., 2000; Pinheiro and Amato, 1995,
1994).
Perhaps the more intense secretory activity in the
daughter sporocysts as compared to the mother may be
related  to the statement of Tang (1950) that in the latter
the  early development is quite slow. This is further corrob-
orated by the fact that the mother sporocysts analyzed here
were  still in the beginning of their development (30 days-
old).  The observed mother sporocyst showed a metabolic
activity more intense than the daughter sporocyst, which
is  evidenced by the presence of secretory vesicles and great
number  of mitochondrial proﬁles, such increased activity
may  be related not only to the high rate of asexual divi-
sion,  but also with the differentiation processes to form the
cercariae  in the daughter sporocysts.
Franco-Acun˜a et al. (2011) did not observe excretory
structures in E. coelomaticum using LM and SEM. Tang
(1950) describes the excretory system of E. pancreaticum
composed by one excretory opening on each side of the
body  connected to an excretory tube that divides in three
tubules ended with a ﬂame cell. In this study the ﬂame
cell was  observed in the inner layer of the tegument, at
the  cyton region, placed near the body surface; part of the
excretory tubule was also observed. Furthermore, excre-
tory  openings were not seen. These differences can be used
to  differentiate both species.
. (a) Semithin transversal section showing the tegument surface of the
ercariae inside. Scale bar = 7 m.  (b) The membranous sac region with
ated muscle layers located far from the body surface. Scale bar = 1 m. (c)
 body and secretory vesicle at the surface. Scale bar = 1 m.  (d) Detail of a
.  (e) Flame cell located in the membranous sac region. Scale bar = 2 m.
branes residues, amorphous material and granules. Scale bar = 2 m. (g)
ent; e = endocyst; ce = cercaria; lm = membranous lamellae; mif  = myelin
 ﬂame cell; ci = cilia; vc = vacuole; fr = ﬁbrilar region; bm = basal lamina).
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Fig. 6. Posterior region of sporocysts of Eurytrema coleomaticum. (a) Semithin section with a thick tegument and the body cavity without developing larva.
Scale  bar = 7 m. (b) General view of the larval body showing the external surface with many folds and myelin ﬁgures supported by a visible trilaminar
membrane with invaginations crossing the amorphous and circular muscle layers and the presence of cytoplasmic bridges and cell body (cyton) with
nucleus.  Scale bar = 5 m.  (c and d) Detail of the outer external surface with myelin ﬁgures, membrane, amorphous, circular and longitudinal muscle
le bar =
; al = am
s).layers  and cytoplasmic bridges connecting to body cell with nucleus. Sca
surface  of the tegument. Scale bar = 500 nm (t = tegument; bc = body cavity
cb  = cytoplasmic bridges; mif  = myelin ﬁgure; in = invagination; n = nucleu
The expelled sporocysts were all observed in transver-
sal direction sections. The anterior end of the daughter
sporocyst shows degenerative characteristics. The struc-
tural  changes indicate a reduction, or loss, of absorptive
activity in this region of the larval body. Despite this, the 1 m and 2 m,  respectively. (e) Detail of myelin ﬁgures at the external
orphous layer; cm = circular muscle layer; lm = longitudinal muscle layer;
secretory activity was maintained, which can be veriﬁed
by  the presence of electrondense granules and formation
of  secretory vesicles.
The  middle region of the sporocyst body, named mem-
branous sac, is where the cercariae concentrated (Tang and
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ang, 1977). Jang (1969) stated that when the sporocysts
re expelled the external wall detaches from the inner wall
nd  the endocyst coils and occupies the swollen region.
etails of these regions are also showed by Franco-Acun˜a
t al. (2011) to daughter sporocysts of E. coelomaticum. Tang
1950)  stated that when the swollen cyst is formed, the
uter  cysts wall apparently dies, once no further move-
ent is noticed. The membranous sac region seen here
hows a degenerated appearance, with degenerated mem-
ranes  containing myelin ﬁgures. The lamellar structure of
he  membranous sac is probably important to reduce the
ater  loss and dehydration of the larva exposed to the envi-
onmental conditions after emergence. The muscle layer
as  degenerate and may  be placed near or well away from
he  external surface of the membranous sac. Secretory and
xcretory  activity was still occurring, once vesicles were
ormed in the tegument surface and the ﬂame cell structure
as  maintained.
The  endocyst was cited by Tang (1950) as an inner cyst
all.  By the ﬁrst time it was possible to observe that the
ndocyst was not a membranous structure, but composed
y  a ﬁbrilar material supported by a thick basal lam-
na. Moreover, inside the endocyst membranous structures
morphous material was observed. These components are
robably  essential to prevent mechanical damage to the
ercariae  packed in the endocyst when exposed to the
xternal conditions and ingested by the second interme-
iate host.
According to Tang (1950) the posterior region of the
xpelled sporocyst contracts pushing the cercariae to the
iddle  of the larval body. Probably, when this region
ontracts the membranes coils and begins a degenera-
ive process, leading to the myelin ﬁgures. The contractile
bility and absorptive processes in the posterior region of
porocyst  body seem to be maintained. Thus, the anterior
nd  posterior regions of expelled daughter sporocyst did
ot  die when exposed to the external environmental dif-
erently  to E. pancreaticum as stated by Tang (1950).
By the ﬁrst time a detailed description of the ultrastruc-
ural organization of the mother and daughter sporocysts
f  E. coelomaticum and the changes that occurred through
arval development were made. According to Ehlers (1985),
ew  information on comparative morphology based on LM
nd  electron microscopy provides valuable characteristics
n elucidating phylogenetic relationships. The characteri-
ation of the tegumental components is a very important
ool for taxonomic studies, since after penetration in the
nail  host the miracidium sheds the epidermal ciliated
lates and a new tegument, named neodermis, is formed
Ehlers, 1985).
The  ultrastructural characteristics of the neodermis are
 taxonomic tool to study the Trematoda, being conserved
n  the larval intramolluscan stages. Beyond this, the eluci-
ation  of these morphological and ultrastructural points
ay  clarify some details of the larval trematodes/snail
ost interface and may  be related to the physiologi-
al changes that arise in the parasitized snail host. The
resent study opens new perspectives to study the E.
oelomaticum and other Dicrocoeliidae widely spread in
any  countries and with a great economic and ecological
mportance.ology 182 (2011) 201– 212 211
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